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ULTRASONIC FLOW VELOCITY 
MEASURING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to apparatus for 

measuring the ?oW velocity of ?uid using an ultrasonic 
beam. More particularly, it relates to ultrasonic ?oW velocity 
measuring apparatus Which generates or receives ultrasonic 
beam Whose frequency is modulated according to PN 
(Pseudo Noise) code of a diffusion band of a transit side, and 
precisely measures a ?oW velocity of a pipe conduit or sluice 
open channel. 

2. Description of the Prior Art 
Conventionally, it is Well knoWn to use an ultrasonic 

?oWmeter using ultrasonic beam in order to measure a ?oW 
quantity a large-siZed pipe conduit or a larger river. 

The conventional ultrasonic ?oWmeter Widely uses a ?oW 
velocity measuring method using a ultrasonic transit time 
difference. FIG. 1 illustrates an eXample that ultrasonic 
transducers 1 and 2 are installed to be separately from each 
other in a conventional ultrasonic ?oWmeter. The ultrasonic 
transducers 1 and 2 alternately generate or receive ultrasonic 
beam, and measures a ?oW velocity by using the folloWing 
equation 

Herein, At is equal to t12 and t21 are times that ultrasonic 
beam is transmitted in ?uid at an angle 4) or on the contrary 
to a ?oW velocity direction. L is an interval betWeen toW 
ultrasonic transducers, d is equal to L cos 4) and C is a sound 
velocity in ?uid (called instead of an ultrasonic transit 
velocity beloW). 

The ?oW velocity measuring method using the ultrasonic 
transit time difference previously inputs a predetermined 
constant L2/2d, and computes a time difference betWeen a 
time t12 and a time t21, Wherein the time t12 is measured 
When the ultrasonic beam is emitted in a ?oW velocity 
direction, and the time t21 is measured When the ultrasonic 
beam is emitted in opposite direction of the ?oW velocity 
direction of the time t12. Such a ?oW velocity measuring 
method is Well knoWn to those skilled in the art by US. Pat. 
No. 5,531,124(Jul. 2, 1996) and Japanese Patent No. 
2676321(Jul. 26, 1998). 

HoWever, according to the aforementioned prior method, 
if an interval L betWeen the ultrasonic transducers is rela 
tively longer, or various siZes of vorteXes or eddies occur in 
the ?uid ?oW, or the suspension concentration of ?uid and 
a temperature distribution change in a natural river, a sound 
pressure of an ultrasonic beam is severely pulsated at an 
ultrasonic receiving place because the ultrasonic beam is 
refracted or diffused, or the absorbing damping factor is 
changed. 

Furthermore, even if an ideal ultrasonic beam having a 
short Wave length is transmitted, the receiving signal 
becomes a bell-shaped pulse, because the higher harmonic 
component of the ultrasonic beam is severely damped. For 
it, a receiving error corresponding to a feW periods of the 
ultrasonic beam usually happens in checking out the 
moment that the ultrasonic beam is received, and the receiv 
ing failure case is not quite less. 

In order not to distort the shape of the received pulse in 
transmitting and receiving the ultrasonic beam, a Wideband 
ampli?er is used, but various noises are ampli?ed. 
Especially, it causes the confusion in measuring the ultra 
sonic transmitting time due to the pulse noises. 
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2 
In considering the above problems, another prior art 

Which measures an ultrasonic transit time by emitting or 
receiving a frequency-modulated ultrasonic beam and 
obtains a ?oW velocity is disclosed in US. Pat. No. 6,012, 
338 Which is shoWn in FIG. 2. 
As shoWn in FIG. 2, a frequency modulation oscillator 3 

is connected to a transducer sWitching part 14 through an 
output ampli?er 6. A pair of ultrasonic transducers 1 and 2 
are connected to the transducer sWitching part 14. The 
ultrasonic modulation oscillator (3) connected to an input 
terminal of the output ampli?er 6 successively outputs an 
oscillation frequency f When there is no pulse input from an 
one-shot multivibrator 4, and outputs a frequency fo (shoWn 
in FIG. 3c) Which is modulated according to a short pulse 
(shoWn in FIG. 3b) generated from the one-shot multivibra 
tor 4 by a long pulse (shoWn in FIG. 3a) generated from a 
control square pulse oscillator 5 With a given period. 
The frequencies f and fo generated from the frequency 

modulation oscillator 3 pass through the output ampli?er 6, 
and are input to the transducer sWitching part 14. The 
transducer sWitching part 14 inputs the ampli?ed frequen 
cies f and fo into the ultrasonic transmitting transducer 1. 
The ultrasonic transmitting transducer 1 successively emits 
the oscillation frequency f and a frequency-modulated fre 
quency fo as shoWn in FIG. 3d. The ultrasonic receiving 
transducer 2 installed to a loWer place of the ultrasonic 
transmitting transducer 1 receives the oscillation frequency 
f and the frequency-modulated frequency fo. 
At this time, the output signal of the output ampli?er 6 is 

transmitted to a frequency discriminator 9 through an attenu 
ator 13 and the output sWitching part 8. The frequency 
discriminator 9 generates an output voltage (shoWn in FIG. 
36) during a duration time of the frequency fo. The output 
voltage of FIG. 36 is changed to a square pulse by a pulse 
shaping part 10, as shoWn in FIG. 3f. A time interval 
measuring part 11 starts a counting operation from a moment 
at Which the square pulse is received. After that, at the 
moment of a pulse trailing edge, an output sWitching part 8 
and the transducer sWitching part 14 are sWitched according 
to a control of the control square pulse oscillator 5, an output 
signal (shoWn in FIG. 3g) of the receiving ampli?er 7 is 
input to the frequency discriminator 9, and an output voltage 
(shoWn in FIG. 3h) are changed to a square pulse (shoWn in 
FIG. 3i) by the pulse shaping part 10 and is then transmitted 
to the time interval measuring part 11. At this time, the time 
interval measuring part 11 stops a counting operation. In 
addition, the time interval measuring apparatus outputs the 
counted ultrasonic transit time t12 to a ?oW velocity 
arithmetic-logic processing unit 12. 

After that, the transducer sWitching part 14 transmits an 
output signal of the output ampli?er 6 to the ultrasonic 
receiving transducer 2 by a control of the control square 
pulse oscillator 5, and emits the ultrasonic beam having a 
modulated frequency to the ultrasonic transmitting trans 
ducer 1. By the aforementioned operation steps, a ultrasonic 
transit time t21 are measured. The ?oW velocity arithmetic 
logic processing unit 12 receives a time t21 having an 
opposite direction of the time t21 from the time interval 
measuring part 11, and calculates a ?oW velocity by using 
the above equation 
The aforementioned prior art of US. Pat. No. 6,012,338 

measures an ultrasonic transit time by catching a moment at 
Which a frequency of a receiving signal is changed, and thus 
measures it even in a condition of a sound pressure of 
ultrasonic beam is pulsated. 

HoWever, the ultrasonic beam generated from the ultra 
sonic transmitting transducer 1 is re?ected from a surface or 
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a bottom, and is transmitted to the ultrasonic receiving 
transducer 2 after a delay operation, so that it is dif?cult to 
capture accurate frequency modulation time point. In other 
Words, as shoWn in FIG. 4, When the ultrasonic transmitting 
transducer 1 emits an ultrasonic beam to the ultrasonic 
receiving transducer 2, the ultrasonic beam is transmitted to 
the ultrasonic receiving transducer 2 via a multiple-path. For 
example, the ultrasonic beam through ?rst to third path P1, 
P2 and P3 has a predetermined phase difference (shoWn in 
FIGS. 5a—5c) according to a path difference. At this time, as 
shoWn in FIG. 5d, there are many output voltages V01, V02 
and Vo3 in the frequency discriminator 9. Due to V01, V02 
and Vo3, at a receiving side, the moment at Which an 
oscillation frequency f is changed to a frequency-modulated 
frequency fo is not adequately detected, thereby causing a 
measurement error. 

For example, under the condition that a time interval L 
betWeen tWo ultrasonic transducers 1 and 2 is very short 
(e.g., 0.05 m), a How velocity V is very sloW (e.g., 0.1 m/s), 
and a sound velocity C is about 1500 m/s, if the measure 
ment error is excluded, the ultrasonic transit time at is to be 
a value of 3.1410“9 s. When the ultrasonic transit time At is 
measured Within alloWable error range of 1% at a high 
precision, absolute error of the measured transit time dif 
ferences should not exceed a value of 310'11 s. For this 
condition relating the absolute error, the transit time mea 
suring apparatus becomes complicated, apparatus for cap 
turing a receiving moment of ultrasonic modulated pulse 
should be a very stable and precise system, thereby increas 
ing a cost of a manufactured product. 

In addition, the How velocity in a curved passage occurs 
a large ?oW velocity deviation at a different measuring 
place, so that a plurality of ultrasonic transducers should be 
installed to measure an ultrasonic transit time difference. 
But, if only tWo transducers are used like the above prior art, 
the measurement error of a How velocity becomes Wider, so 
that a precise measurement operation is not achieved. 

SUMMARY OF THE INVENTION 

The present invention has been made in an effort to solve 
the above problems. It is a ?rst object of the present 
invention to provide an ultrasonic ?oW velocity measuring 
apparatus Which measures a transit time under the condition 
a synchroniZation of an ultrasonic signal having a modulated 
frequency by PN (pseudo noise) code of a diffusion band at 
a transmitting side is locked at a receiving side, and prevents 
an excessive measurement error exceeding alloWable error 

range. 
It is a second object of the present invention to provide an 

ultrasonic ?oW velocity measuring apparatus, Wherein a 
transmitting side and a receiving side use the same PN code, 
and thus the receiving side receives its oWn ultrasonic 
modulation signal even if several pairs of ultrasonic trans 
ducers are used. 

It is a third object of the present invention to provide an 
ultrasonic ?oW velocity measuring apparatus Which installs 
a plurality of ultrasonic transducers to every position, and 
accurately measures average ?oW velocity in a curved 
passage. 

To achieve the ?rst object, in an ultrasonic ?oW velocity 
measuring apparatus Which installs a pair of transducers at 
a upper stream and a loWer stream of a ?uid passage and 
measures a How velocity according to an ultrasonic transit 
time difference betWeen the ultrasonic transducers, an ultra 
sonic ?oW velocity measuring apparatus includes: a trans 
mitting part for generating an ultrasonic signal having a 
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4 
modulated frequency according to a PN code of a diffusion 
band; a transducer sWitching part for alternately applying the 
ultrasonic signal from the transmitting part to a pair of 
ultrasonic transducers, and sWitching a connection state of 
the pair of ultrasonic transducers for a transmitting or 
receiving operation; a receiving part for demodulating an 
output signal of the transducer sWitching part, and capturing 
a moment at Which its oWn signal is identical With a signal 
of the transmitting part; a signal synchroniZation part for 
locking a synchroniZation of a receiving signal When the 
receiving part captures a signal; a time interval measuring 
part for measuring an ultrasonic transit time under the 
condition that a synchroniZation of a receiving signal is 
locked in the signal synchroniZation part; and a controller 
for controlling a sWitching operation of the transducer 
sWitching part, and calculating a How velocity according to 
an ultrasonic transit time in opposition to a How velocity 
measured by the time interval measuring part. 
The transmitting part is comprised of a transmitting PN 

code generator, a frequency modulator, and an output ampli 
?er. The transmitting PN code generator includes an oscil 
lator of generating a clock signal of a predetermined period 
therein, and generates PN code Which is determined by a 
high-level pulse Width and a loW-level pulse Width accord 
ing to a clock signal generated by the oscillator. 
The receiving part is comprised of a receiving ampli?er, 

a frequency demodulator, and a signal capturing part. The 
signal capturing part detects a moment at Which a demodu 
lated signal series is identical With a PN code signal series 
generated from the transmitting PN code generator. 
The signal synchroniZation part is comprised of ?rst and 

second synthesiZers, ?rst and second LPFs (loW pass ?lters), 
a differential ampli?er, a loop ?lter, a VCO (voltage con 
trolled oscillator), and a receiving PN code generator. The 
receiving PN code generator generates the same PN code as 
an output signal series of the transmitting PN code generator 
according to an input frequency of the VCO oscillator, after 
receiving an enable signal from the signal capturing part. 
Then, the receiving PN code generator generates a PN code 
of Which phase is leading by a predetermined period of the 
?rst synthesiZer, and generates a PN code of Which phase is 
lagged by a predetermined period of the second synthesiZer. 

According to a second object, in an ultrasonic ?oW 
velocity measuring apparatus Which installs a pair of trans 
ducers at a upper stream and a loWer stream of a ?uid 
passage and measures a How velocity according to an 
ultrasonic transit time difference betWeen the ultrasonic 
transducers, an ultrasonic ?oW velocity measuring apparatus 
includes: a transmitting part for selecting one PN code 
among a plurality of PN code signal series according to a 
signal selection signal, and generating an ultrasonic signal 
having a modulated frequency according to the selected PN 
code; a transducer sWitching part for alternately applying the 
ultrasonic signal from the transmitting part to a pair of 
ultrasonic transducers, and sWitching a connection state of 
the pair of ultrasonic transducers for a transmitting or 
receiving operation; a receiving part for demodulating an 
output signal of the transducer sWitching part, and capturing 
a moment at Which its oWn signal is identical With a signal 
of the transmitting part; a signal synchroniZation part for 
locking a synchroniZation of a receiving signal When the 
receiving part captures a signal; a time interval measuring 
part for measuring an ultrasonic transit time under the 
condition that a synchroniZation of a receiving signal is 
locked in the signal synchroniZation part; and a controller 
Which generates a signal selection signal for selecting one 
PN code among a plurality of PN code signal series at the 
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transmitting part, and calculates a ?oW velocity according to 
an ultrasonic transit time in opposition to a ?oW velocity 
measured by the time interval measuring part. 

According to a third object, an ultrasonic ?oW velocity 
measuring apparatus includes: a plurality of set units Which 
emit or receive an ultrasonic beam having a modulated 
frequency according to a different PN code, and measure an 
ultrasonic transit time; and a controller Which collects the 
ultrasonic transit times measured by the plurality of set units, 
and calculates average ?oW velocity. 

The set unit includes: a plurality of ultrasonic transducers 
Which are disposed to be faced to each other at a different 
height at a upper stream and a loWer stream of a ?uid 
passage; a transmitting part for generating an ultrasonic 
signal having a modulated frequency according to a prede 
termined PN code; a transducer sWitching part for alter 
nately applying the ultrasonic signal from the transmitting 
part to a pair of ultrasonic transducers, and sWitching a 
connection state of the pair of ultrasonic transducers for a 
transmitting or receiving operation; a receiving part for 
demodulating an output signal of the transducer sWitching 
part, and capturing a moment at Which its oWn signal is 
identical With a signal of the transmitting part; a signal 
synchroniZation part for locking a synchroniZation of a 
receiving signal When the receiving part captures a signal; 
and a time interval measuring part for measuring an ultra 
sonic transit time under the condition that a synchroniZation 
of a receiving signal is locked in the signal synchroniZation 
part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and other advantages of the present inven 
tion Will become apparent from the folloWing description in 
conjunction With the attached draWings, in Which: 

FIG. 1 illustrates an eXample that ultrasonic transducers 
are installed to be separately from each other in a conven 
tional ultrasonic ?oWmeter; 

FIG. 2 is a block diagram of: an ultrasonic ?oW velocity 
measuring apparatus according to a prior art; 

FIG. 3 respectively illustrates a pulse Waveform of each 
part of FIG. 2; 

FIG. 4 illustrates an ultrasonic transmission path betWeen 
the ultrasonic transducers of FIG. 2; 

FIG. 5 illustrates an output voltage of a frequency dis 
criminator of FIG. 2; 

FIG. 6 is a block diagram of an ultrasonic ?oW velocity 
measuring apparatus according to a preferred embodiment 
of the present invention; 

FIG. 7 respectively illustrates a pulse Waveform of each 
part of FIG. 6; 

FIG. 8 illustrates a pulse Waveform for eXplaining an 
operation of a signal synchroniZation part of FIG. 6; 

FIG. 9 is a block diagram of an ultrasonic ?oW velocity 
measuring apparatus according to a second preferred 
embodiment of the present invention; 

FIG. 10 illustrates an average ?oW velocity in a curved 
?uid passage; 

FIG. 11 is a block diagram of an ultrasonic ?oW velocity 
measuring apparatus according to a third preferred embodi 
ment of the present invention; and 

FIG. 12 illustrates an installation eXample of the ultra 
sonic transducers of FIG. 11. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Apreferred embodiment of the present invention Will noW 
be described in detail With reference to the accompanying 
drawings. 
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6 
FIG. 6 is a block diagram of an ultrasonic ?oW velocity 

measuring apparatus according to a preferred embodiment 
of the present invention. 
As shoWn in FIG. 6, the ultrasonic ?oW velocity measur 

ing apparatus includes: 
a transmitting part 10 for generating an ultrasonic signal 

having a modulated frequency according to a PN code 
of a diffusion band; 

a transducer sWitching part 20 for alternately applying an 
output signal of the transmitting part 10 to a pair of 
ultrasonic transducers 21 and 22, and outputting the 
received signals of the ultrasonic transducers 21 and 
22; 

a receiving part 30 for demodulating an output signal of 
the transducer sWitching part 20, and capturing it; 

a signal synchroniZation part 40 for being connected to an 
output terminal of the receiving part 30, and locking a 
synchroniZation of a captured signal; 

a time interval measuring part 50 for counting an ultra 
sonic transit time under the condition that a signal 
synchroniZation is locked in the signal synchroniZation 
part 40, and converting a counted value to a data; and 

a controller 60 for controlling a sWitching operation of the 
transducer sWitching part 20 in order to make the 
ultrasonic transducers 21 and 22 alternately emit or 
receive an ultrasonic modulation signal, receiving an 
output data of the time interval measuring part 50, and 
calculates a ?oW velocity. 

The controller 60 is connected to an input part 70 and an 
output part 80. The input part 70 determines an initial value 
for calculating a ?oW velocity by a user, and commonly has 
a keypad thereon. The output part 80 displays a calculated 
?oW velocity by the controller 60, and has a display device 
such as a seven segment or LCD panel thereon. 
The ultrasonic transducers 21 and 22 are separately 

installed to a pipe conduit or a sluice open channel. The 
ultrasonic transducer 21 is installed to a upper stream of a 
?uid passage. The ultrasonic transducer 22 is installed to a 
loWer stream of a ?uid passage. 
The transmitting part 10 is comprised of a transmitting PN 

code generator 11, a frequency modulator 12 and an output 
ampli?er 13. The transmitting PN code generator 11 
includes an oscillator of generating a clock signal of a 
predetermined period therein, and successively outputs a PN 
code of a spread spectrum according to the clock signal from 
the oscillator, simultaneously With periodically outputting a 
start signal START to the time interval measuring part 50. 
The PN code means a pulse series in Which one signal series 
determined by a high-level pulse Width and a loW-level pulse 
Width are repeated at a predetermined period. The frequency 
modulator 12 outputs a ?rst frequency f1 in a period Wherein 
a high level of PN code is maintained, and outputs a second 
frequency (f2=f1+Af) in a period Wherein a loW level of PN 
code is maintained. 
The output ampli?er 13 ampli?es the modulated ?rst and 

second frequencies f1 and f2 With a predetermined level, and 
outputs them to the transducer sWitching part 20. 
By the transducer sWitching part 20, the upper stream side 

ultrasonic transducer 21 transmits the modulated ?rst and 
second frequencies f1 and f2 to the loWer stream side 
ultrasonic transducer 22. On the contrary, the loWer stream 
side ultrasonic transducer 22 transmits the modulated ?rst 
and second frequencies f1 and f2 to the upper stream side 
ultrasonic transducer 21. Such a sWitching operation of the 
transducer sWitching part 20 is achieved by a sWitching 
control signal UP/DOWN of the controller 60. 
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The receiving part 30 is comprised of a receiving ampli 
?er 31, a frequency demodulator 32, and a signal capturing 
part 33. The receiving ampli?er 31 receives a Weak signal 
received by one betWeen the ultrasonic transducers 21 and 
22 through the transducer sWitching part 20, and ampli?es 
the input Weak signal With a predetermined ampli?cation 
level. The frequency demodulator 32 demodulates a receiv 
ing signal ampli?ed With a predetermined level, and outputs 
a demodulated signal. The signal capturing part 33 detects a 
moment at Which a demodulated signal series is identical 
With a PN code signal series generated from the transmitting 
PN code generator 11. At this moment, the signal capturing 
part 33 simultaneously outputs both an enable signal 
ENABLE and the PN code signal series to the signal 
synchroniZation part 40. 

The signal synchroniZation part 40 is comprised of ?rst 
and second synthesiZers 41 and 42, ?rst and second LPFs 43 
and 44, a differential ampli?er 45, a loop ?lter 46, a voltage 
controlled oscillator (VCO) 47, and a receiving PN code 
generator 48. The ?rst and second synthesiZers 41 and 42 are 
respectively connected to an output terminal of the signal 
capturing part 33 and an output terminal of the receiving PN 
code generator 48. The ?rst synthesiZer 41 synthesiZes an 
output signal of the signal capturing part 33 With the same 
series PN code (Whose phase is leading by a predetermined 
period) generated from the receiving PN code generator 48, 
and generates a synthesiZed signal. The second synthesiZer 
42 synthesiZes an output signal of the signal capturing part 
33 With the same series PN code (Whose phase is lagged by 
a predetermined period), and generates a synthesiZed signal. 
The ?rst and second LPFs 43 and 44 are connected to the 
output terminals of the ?rst and second synthesiZers 41 and 
42, and remove unnecessary high frequency component 
miXed during the synthesiZing operation. The differential 
ampli?er 45 performs a differential ampli?cation in propor 
tion to a signal difference betWeen a DC component voltage 
signal Vdc1 ?ltered by the ?rst LPF 43 and a DC component 
voltage signal Vdc2 ?ltered by the second LPF 44, and 
generates a control voltage Vc for controlling the VCO 47. 
The loop ?lter 46 removes a noises miXed in a differential 
ampli?ed control voltage Vc from the differential ampli?er 
45. The VCO 47 varies a reference frequency fr according 
to a control voltage Vc‘ having no noise. After receiving the 
enable signal ENABLE from the signal capturing part 33, 
the receiving PN code generator 48 generates the same 
series PN code as an output signal series of the transmitting 
PN code generator 11 according to an input frequency from 
the VCO 47. After that, the receiving PN code generator 48 
generates a PN code of Which phase is leading by a prede 
termined period of the ?rst synthesiZer, and generates a PN 
code of Which phase is lagged by a predetermined period of 
the second synthesiZer. 
PN code transmitted to the ?rst synthesiZer 41 from the 

receiving PN code generator 48 is input to be faster than a 
receiving signal series PN code transmitted to the ?rst 
synthesiZer 41 from the signal capturing part 33, is faster 
than the receiving signal series PN code by a predetermined 
time. At the same time, a PN code being input from the 
receiving PN code generator 48 to the second synthesiZer 42 
is generated from the signal capturing part 33, and is lagging 
than the receiving signal series PN code being input to the 
second locked, the receiving PN code generator 48 outputs 
a completion signal STOP to the time interval measuring 
part 50. 

Under the condition that the signal synchronization is 
locked, the time interval measuring part 50 counts an 
ultrasonic transit time from a moment of receiving the 
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starting signal START of the transmitting PN code generator 
11 to another moment of receiving the completion signal 
STOP of the receiving PN code generator 48. 
The time interval measuring part 50 converts the counted 

value to a data, and outputs the data to the controller 60. 
The controller 60 previously receives initial values such 

as a straight distance L and an interval L betWeen tWo 
ultrasonic transducers 21 and 22, and memoriZes the initial 
values, and calculates a How velocity V by inserting an 
output data (i.e., ultrasonic transit time) of the time interval 
measuring part 25 into the folloWing equation 

V=(L2/2d){(lba-laQ/(lba'labn Eq- (2) 
Herein, tab is an ultrasonic transit time measured When the 

ultrasonic transducer 21 transmits ultrasonic beam to the 
ultrasonic transducer 22, and tba is an ultrasonic transit time 
measured When the ultrasonic transducer 22 transmits ultra 
sonic beam to the ultrasonic transducer 21. 
The controller 60 outputs a calculation result to the output 

part 80. Accordingly, the output part 80 displays a How 
velocity V on a display device by using a number or a 
character. 

Hereinafter, the operations of the ultrasonic ?oW velocity 
measuring apparatus Will noW be described beloW. 

Each part consisting of the apparatus receives a poWer 
supply as an input, the user applies a driving command by 
using the input part 70. Accordingly, input, the user applies 
a driving command by using the input part 70. Accordingly, 
the controller 60 outputs a ?rst sWitching signal UP to the 
transducer sWitching part 20. The transducer sWitching part 
20 receiving the ?rst sWitching signal UP connects the 
ultrasonic transducer 21 to an output terminal of the trans 
mitting part 10, simultaneously With connecting the ultra 
sonic transducer 22 to an input terminal of the receiving part 
30. 

The transmitting PN code generator 11 outputs a PN code 
(shoWn in FIG. 7a) of a signal series consisting of both a 
high level signal and a loW level signal according to a clock 
signal of a predetermined period Tc, the clock signal being 
generated from an inside oscillator of the PN code generator 
11, to the frequency modulator 12 and the signal capturing 
part 33. Simultaneously With this, the transmitting PN code 
generator 11 repeatedly generates a starting signal (shoWn in 
FIG. 7b) at a predetermined period Ta. The frequency 
modulator 12 generates a predetermined ?rst frequency f1 
during a high-level duration period of PN code, and gener 
ates a predetermined second frequency (f2=f1+Af, shoWn in 
FIG. 7C) during a loW-level duration period of PN code. The 
output ampli?er 13 ampli?es the ultrasonic signal having a 
modulated frequency With a predetermined level, and then 
outputs the ampli?ed ultrasonic signal. The ultrasonic 
modulation signal is applied to the ultrasonic transducer 21 
through the transducer sWitching part 20, therefore, the 
ultrasonic transducer 21 transmits a modulated ultrasonic 
signal to the ultrasonic transducer 22. 
The signal received in the ultrasonic transducer 22 is input 

to the receiving ampli?er 31 through the transducer sWitch 
ing part 20. The receiving ampli?er 31 ampli?es a received 
Weal ultrasonic modulation signal With a predetermined 
level, and outputs the ampli?ed signal (shoWn in FIG. 7a) to 
the frequency demodulator 32. The frequency demodulator 
32 demodulates the ampli?ed receiving signal, and outputs 
the demodulated signal (shoWn in FIG. 76) to the signal 
capturing part 33. The signal capturing part 33 detects a 
moment at Which a demodulated signal series is identical 
With a signal series of PN code generated from the trans 
mitting PN code generator 11. During an initial transient 
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state, the both signal series are not identical to each other. 
After a predetermined time (t), the both signal series are 
identical to each other. At this time, the signal capturing part 
33 outputs both an enable signal ENABLE Which is changed 
to a high level signal on the capturing time point of the signal 
capturing part 33 and an output PN code (shoWn in FIG. 7g) 
of the transmitting PN code generator 11 to the signal 
synchronization part 40. 

The receiving PN code generator 48 receives the enable 
signal ENABLE, and inputs PN code having a different 
phase according to a reference frequency fr generated from 
the VCO 47 to the ?rst synthesizer 41, simultaneously With 
inputting, Wherein the PN code having a different phase has 
a leading phase as compared With the PN code of FIG. 7g. 
At the same time, the receiving PN code generator 48 inputs 
another PN code having a lagging phase as compared With 
the PN code of FIG. 7g to the second synthesiZer 42. 

The ?rst and second synthesiZers 41 and 42 synthesiZes 
the tWo input PN codes therebetWeen, and outputs the 
synthesiZed signals (shoWn in FIGS. 8(k1) and 8(l1)) to the 
?rst and second LPFs 43 and 44. The ?rst and second LPFs 
43 and 44 remove unnecessary high frequency component, 
and output DC component voltage signals Vdc1 and Vdc2 to 
the differential ampli?er 45. The differential ampli?er 45 
outputs a control voltage Vc in proportion to a voltage 
difference betWeen the tWo voltage signals Vdc1 and Vdc2 
to a loop ?lter 46. The loop ?lter 46 outputs a control voltage 
Vc‘ removing the miXed noise to the VCO 47. While the 
VCO 47 outputs the reference frequency fr, the CO 47 varies 
the reference frequency fr according to the input control 
voltage Vc‘ from the loop ?lter 46, and outputs a varied 
frequency to the receiving PN code generator 48. 
Accordingly, the receiving PN code generator 48 varies a 
phase of the PN code being input to the ?rst and second 
synthesiZers 41 and 42. 

At this time, if the phase of the PN code being input to the 
?rst synthesiZer 41 is leading (shoWn in FIG. 7h) by a 
predetermined period Tc/2 as compared With an output PN 
code (shoWn in FIG. 7g) of the signal capturing part 33, and 
the phase of the PN code being input to the second synthe 
siZer 42 is lagging (shoWn in FIG. 7i) by the predetermined 
period Tc/2 as compared With the output PN code (shoWn in 
FIG. 7g) of the signal capturing part 33, that is, if the PN 
code of FIG. 7g is placed to a center position, the signal 
synchroniZation part 40 locks a signal synchroniZation, and 
then traces a receiving signal. If one period elapses under the 
signal locking state, the receiving PN code generator 48 
outputs a completion signal STOP to the time interval 
measuring part 50. Under the locking state, the time interval 
measuring part 50 counts an ultrasonic transit time tab during 
a time period from a moment of receiving the starting signal 
START (from the transmitting PN code generator 11) to 
another moment of receiving the completion signal STOP 
(from the receiving PN code generator 48). 

Then, the controller 60 outputs a second sWitching signal 
DOWN to the transducer sWitching part 20. Therefore, the 
transducer sWitching part 20 connects the ultrasonic trans 
ducer 22 to the output terminal of the transmitting part 10, 
and connects the ultrasonic transducer 21 to an input termi 
nal of the receiving part 30. Thereafter, an ultrasonic signal 
having a modulated frequency according to a PN code of a 
spread spectrum is transmitted to the ultrasonic transducer 
21 through the ultrasonic transducer 21. Asignal received by 
the ultrasonic transducer 21 is demodulated and captured in 
the receiving part 30. The time interval transducer 50 counts 
an ultrasonic transit time tba during a time period from a 
moment of receiving the starting signal START (from the 
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transmitting PN code generator 11) to another moment of 
receiving the completion signal STOP (from the receiving 
PN code generator 48). 

HoWever, if the PN codes (shoWn in FIGS. 7h and 7i) 
being input to the ?rst and second synthesiZers 41 and 42 
deviate from the predetermined period Tc/2 (i.e., an initial 
transient state), an output reference frequency fr of the VCO 
47 is varied according to a control voltage Vc ampli?ed by 
the differential ampli?er 45 by a voltage difference betWeen 
the output voltages of the ?rst and second LPFs 43 and 44. 
As a result, the receiving PN code generator 48 varies each 
phase of PN codes being input to the ?rst and second 
synthesiZers 41 and 42. There are tWo kinds of the varied 
phases of PN codes, i.e, a second signal style (shoWn in FIG. 
8II) Which is leading by a predetermined period Tc/4 as 
compared With the ?rst signal style (shoWn in FIG. 81), and 
a third signal style (shoWn in FIG. 8III) is lagging by a 
predetermined period Tc/4 as compared With the ?rst signal 
style of FIG. 81 Wherein a signal synchroniZation is locked. 
If the reference phase is deviated like the second and third 
signal styles, the reference frequency fr of the VCO 47 is 
varied by a control voltage Vc from the differential ampli?er 
45. As a result, the receiving PN code generator 48 varies a 
phase of PN code being input to the ?rst and second 
synthesiZers 41 and 42. Finally, the phase of the ?rst and 
second synthesiZers 41 and 42 are changed to the ?rst signal 
style I. 

In the meantime, the transmitting PN code generator 11 
and the receiving PN code generator 48 use the same signal 
series PN codes. A period Ta of such a PN code is properly 
set according to a distance betWeen the ultrasonic transduc 
ers 21 and 22. If the installation positions of the ultrasonic 
transducers 21 and 22 are changed, the period Ta is to be 
shorter as compared With an ultrasonic transit time, thus one 
PN code among many signal series PN codes having a 
different period is selected and used. This case Will noW be 
described With reference to FIG. 9. 

FIG. 9 is a block diagram of an ultrasonic ?oW velocity 
measuring apparatus according to a second preferred 
embodiment of the present invention. The same parts as FIG. 
6 Will not be described beloW. 
As shoWn in FIG. 9, the transmitting PN code generator 

11 and the receiving PN code generator 48 have another a 
signal series of another period (3+n bit) in addition to a 
signal series of a predetermined period (Ta;3bit) shoWn in 
FIG. 8, and can be embodied as a plurality of oscillators and 
?ip-?ops. 

If the user inputs a signal series setting command for 
changing a signal series of PN code by using the input part 
70, the controller 60 outputs signal series selection signals 
Sa and Sb to the transmitting PN code generator 11 and the 
receiving PN code generator 48 according to the user 
selected command. 
The transmitting PN code generator 11 outputs a PN code 

of a signal series selected by the signal series selection signal 
Sa from the controller 11. The receiving PN code generator 
48 outputs a PN code of a signal series selected by the signal 
series selection signal Sa from the controller 11. Of course, 
an output signal series of the transmitting PN code generator 
11 should be identical With that of the receiving PN code 
generator 48. 

In the meantime, a considerable deviation occurs in a How 
velocity of a curved ?uid passage outlet according to a 
height. For example, since a How of ?uid is constant in a 
straight ?uid passage, a How velocity of a loWer part of the 
?uid passage and a How velocity of a upper part of the ?uid 
passage are relatively uniform as shoWn in FIG. 10(V1). 
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But, in a curved ?uid passage, a ?oW velocity of a lower part 
of the ?uid passage and a ?oW velocity of a upper part of the 
?uid passage are variously changed as shoWn in FIG. 10(V2 
and V3). Accordingly, a plurality of ultrasonic transducers 
are mounted to upper and loWer stream sides according to a 
height of ?uid passage, an ultrasonic transit time is measured 
at each stream position, average ultrasonic transit time about 
the ultrasonic transit times is calculated, thereby measuring 
a ?oW velocity. This Will be described With reference to FIG. 
11. 

FIG. 11 is a block diagram of an ultrasonic ?oW velocity 
measuring apparatus according to a third preferred embodi 
ment of the present invention. A ?oW velocity at every 
installation position can be measured by using FIG. 11. The 
same parts as FIG. 6 Will not be described beloW. 
As shoW in FIG. 11, ?rst set unit S1 to n-th set unit Sn 

each have a plurality of ultrasonic transducers [(t11,t21) . . . 

(t1n,t2n)] Which are installed to different positions at upper 
and loWer stream sides. In addition, the ?rst set unit S1 to 
n-th set unit Sn commonly have a transmitting part 10, a 
transducer sWitching part 20, a receiving part 30, and the 
signal synchroniZation part 40, and the time interval mea 
suring part 50. The ?rst set unit S1 to n-th set unit Sn 
measure a transit time by using an ultrasonic beam having a 
modulated frequency according to PN codes having a dif 
ferent signal series. Therefore, each of the plurality of 
transducers [(t11,t21) . . . (t1n,t2n,)] uses its oWn signal series 

PN code given to each transducer, thereby measuring a 
transit time in a locking state of a receiving signal’s syn 
chroniZation. 

The controller 90 is commonly connected to output ter 
minals of the ?rst set unit S1 to n-th set unit Sn. The 
controller 90 receives the output data of the time interval 
measuring parts 50 of the ?rst set unit S1 to n-th set unit Sn, 
calculates a ?oW velocity at various positions, calculates 
average value among the calculated ?oW velocity values, 
and obtains average ?oW velocity of ?uid. The output data 
of the time interval measuring part 50 means an ultrasonic 
transit time from a upper stream to a loWer stream, and 
means an ultrasonic transit time from a loWer stream to a 

upper stream. For instance, as shoWn in FIG. 12, ?ve pairs 
of ultrasonic transducers (tn,t21)(t12,t22)(t13,t23)(t14,t24)(t15, 
t25) are installed to upper and loWer stream sides according 
to various heights of ?uid passages. By the control of the. 
controller 90, the plurality of ultrasonic transducers emit or 
receive frequency-modulated ultrasonic beams at the same 
time, an ultrasonic transit time is counted to obtain average 
ultrasonic transit time, and thus a ?oW velocity can be 
measured at various installation positions. 
As described above, in the ultrasonic ?oW velocity mea 

suring apparatus according to the present invention, one pair 
of ultrasonic transducers of a transmitting part alternately 
emit or receive the ultrasonic beam by using an ultrasonic 
beam having a frequency modulated according to PN code, 
an ultrasonic transit time difference is counted in a locking 
state of a signal synchroniZation, thereby measuring a ?oW 
velocity. Therefore, the ultrasonic ?oW velocity measuring 
apparatus precisely measures an ultrasonic transit time 
Within alloWable error range. 

If the installation positions of the ultrasonic transducers of 
upper and loWer stream sides are moved, an ultrasonic 
transit time can be precisely measured by using a different 
signal series PN code Without changing an electronic com 
ponent and a program. 

It a plurality of ultrasonic transducers are installed to be 
faced therebetWeen according to a distance from the bottom 
of a ?uid passage, and PN codes having a different signal 
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series are set to the transmitting and receiving parts con 
nected to the ultrasonic transducers, the present invention 
measures a ?oW velocity at each position by emitting or 
receiving ultrasonic beam at the same time, and measures 
average ?oW velocity. As a result, the present invention 
precisely measures average values of ?oW velocity variable 
according to a height of a curved ?uid passage. 
While this invention has been described in connection 

With What is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not limited to the disclosed embodiments, but, 
on the contrary, is intended to cover various modi?cations 
and equivalent arrangements included Within the spirit and 
scope of the appended claims. 
What is claimed is: 
1. In an ultrasonic ?oW velocity measuring apparatus 

Which installs a pair of transducers one of the pair being at 
an upper stream and the other of the pair being at a loWer 
stream of a ?uid passage and measures a ?oW velocity 
according to an ultrasonic transit time difference betWeen 
the ultrasonic transducers, an ultrasonic ?oW velocity mea 
suring apparatus comprising: 

a transmitting part for generating an ultrasonic signal 
having a modulated frequency according to a PN code 
of a diffusion band; 

a transducer sWitching part for alternately applying the 
ultrasonic signal from the transmitting part to a pair of 
ultrasonic transducers, and sWitching a connection state 
of the pair of ultrasonic transducers for a transmitting 
or receiving operation; 

a receiving part for demodulating an output signal of the 
transducer sWitching part and capturing a moment at 
Which its oWn signal is identical With a signal of the 
transmitting part; 

a signal synchroniZation part for locking a synchroniZa 
tion of a receiving signal When the receiving part 
capture a signal; 

a time interval measuring part for measuring an ultrasonic 
transit time under the condition that a synchroniZation 
of a receiving signal is locked in the signal synchro 
niZation part; and 

a controller for controlling a sWitching operation of the 
transducer sWitching part, and calculating a ?oW veloc 
ity according to an ultrasonic transit time in opposition 
to a ?oW velocity measured by the time interval mea 
suring part. 

2. The ultrasonic ?oW velocity measuring apparatus as set 
forth in claim 1, Wherein: 

the transmitting part is comprised of a transmitting PN 
code generator, a frequency modulator, and an output 
ampli?er, Whereby 

the transmitting PN code generator includes an oscillator 
for generating a clock signal of a predetermined period 
therein, and generates PN code Which is determined by 
a high-level pulse Width and a loW-level pulse Width 
according to a clock signal generated by the oscillator. 

33. The ultrasonic ?oW velocity measuring apparatus as set 
forth in claim 1, Wherein: 

the receiving part is comprised of a receiving ampli?er, a 
frequency demodulator, and a signal capturing part, 
Whereby 

the signal capturing part detects a moment at Which a 
demodulated signal series is identical With a PN code 
signal series generated from the transmitting PN code 
generator. 
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4. The ultrasonic ?oW velocity measuring apparatus as set 
forth in claim 1, Wherein: 

the signal synchronization part is comprised of ?rst and 
second synthesizers, ?rst and second LPFs (loW pass 
?lters), a differential ampli?er, a loop ?lter, a VCO 
(voltage controlled oscillatory and a receiving PN code 
generator, Whereby 
the receiving PN code generator generates the same PN 

code as an output signal series of the transmitting PN 
code generator according to an input frequency of 
the VCO oscillator, after receiving an enable signal 
from the signal capturing part; 

then, the receiving PN code generator generates a PN 
code of Which phase is leading by a predetermined 
period of the ?rst synthesiZer, and generates a PN code 
of Which phase is lagged by a predetermined period of 
the second synthesiZer. 

5. In an ultrasonic ?oW velocity measuring apparatus 
Which installs a pair of transducers one of the pair being at 
an upper stream and the other of the pair being at a loWer 
stream of a ?uid passage and measures a How velocity 
according to an ultrasonic transit time difference betWeen 
the ultrasonic transducers, an ultrasonic ?oW velocity mea 
suring apparatus comprising: 

a transmitting part for selecting one PN code among a 
plurality PN code signal series according to a signal 
selection signal, and generating an ultrasonic signal 
having a modulated frequency according to the selected 
PN code; 

a transducer sWitching part for alternately applying the 
ultrasonic signal from the transmitting part to a pair of 
ultrasonic transducers, and sWitching a connection state 
of the pair of ultrasonic transducers for a transmitting 
or receiving operation; 

a receiving part for demodulating an output signal of the 
transducer sWitching part, and capturing a moment at 
Which its oWn signal is identical With a signal of the 
transmitting part; 

a signal synchroniZation part for locking a synchroniZa 
tion of a receiving signal When the receiving part 
captures a signal; 

a time interval measuring part for measuring an ultrasonic 
transit time under the condition that a synchroniZation 
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of a receiving signal is locked in the signal synchro 
niZation part; and 

a controller Which generates a signal selection signal for 
selecting one PN code among a plurality of PN code 
signal series at the transmitting part and calculates a 
How velocity according to an ultrasonic transit time in 
opposition to a How velocity measured by the time 
interval measuring part. 

6. An ultrasonic ?oW velocity measuring apparatus, com 
prising: 

a plurality of set units Which emit or receive an ultrasonic 
beam having a modulated frequency according to a 
different PN code, and measure an ultrasonic transit 

time; and 
a controller Which collects the ultrasonic transit times 

measured by the plurality of set units, and calculates 
average ?oW velocity, Wherein the set unit includes: 
a pair of ultrasonic transducers Which are disposed to 

be faced to each other at an effectively equal height 
of a ?uid passage and the pair of ultrasonic trans 
ducers for each set unit are at a different height of a 
?uid passage; 

a transmitting part for generating an ultrasonic signal 
having a modulated frequency according to a prede 
termined PN code; 

a transducer sWitching part for alternately applying the 
ultrasonic signal from the transmitting part to a pair 
of ultrasonic transducers, and sWitching a connection 
state of the pair of ultrasonic transducers for a 
transmitting or receiving operation; 

a receiving part for demodulating an output signal of 
the transducer sWitching part, and capturing a 
moment at Which its oWn output signal is identical 
With an output signal of the transmitting part; 

a signal synchroniZation part for locking a synchroni 
Zation of a receiving signal When the receiving part 
capture a signal; and 

a time interval measuring part for measuring an ultra 
sonic transit time under the condition that a synchro 
niZation of a receiving signal is locked in the signal 
synchroniZation part. 

* * * * * 


